The testis is the third common site of relapse after primary treatment of childhood acute lymphoblastic leukaemia, but in adults relatively few testicular relapses of acute lymphoblastic leukaemia have been reported. In the present investigation the differences in the behaviour of leukaemia in immature and mature rat testis and the interactions of testicular and leukaemic cells were studied. 
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Summary
The testis is the third common site of relapse after primary treatment of childhood acute lymphoblastic leukaemia, but in adults relatively few testicular relapses of acute lymphoblastic leukaemia have been reported. In the present investigation the differences in the behaviour of leukaemia in immature and mature rat testis and the interactions of testicular and leukaemic cells were studied. Intraperitoneal injection of rat T-leukaemic cells to sexually immature animals induced testicular infiltrations in 100% of animals in 17 days. The infiltrations were small and located perivascularly in the interstitial tissue. Intraperitoneal injection of T-leukaemic cells to sexually mature animals induced testicular infiltrates in 42% of the animals. Leukaemic cells injected directly to the lymph sinusoids of sexually immature and mature testis proliferated rapidly causing testicular enlargement. The Mr> 5 K fraction of extracts of 50 days old normal rat testes inhibited 3H-TdR incorporation of both normal and leukaemic ConA-stimulated rat lymphoblasts significantly. The same fraction of extracts of testes of 25 days old rats did not have any effect on 3H-TdR incorporation. The normally occurring pubertal increase in the lymphocyte inhibitory effect of the M,> 5 K fraction of testis extracts on 3H-TdR incorporation of PBL was prevented following either intraperitoneal or intratesticular injection of rat leukaemic lymphoblasts administered at the age of 25 days. The present observations suggest that physiological pubertal changes in the permeability of vascular endothelium and immunosuppressive effect of the testis may be important explanatory factors for the smaller number of testicular relapses in men compared to boys seen after treatment of ALL.
The testis is the third common (8-16% of cases) site of relapse after primary treatment of childhood acute lymphoblastic leukaemia (Ritzen, 1990; Gustafsson, 1991) , but in adults only some testicular relapses (t 1% of cases) of acute lymphoblastic leukaemia have been reported (Barnett et al., 1986; Jensen et al., 1991) . The mechanism of this difference in lymphoblast survival from chemotherapy between children and adults is largely unknown.
In rodents, the testis is especially rich in production of the various growth factors (Bellve & Zheng, 1989; Soder et al., 1989; Maddocks et al., 1990) . The level of production of many of the growth factors correlates with the stage of pubertal development (Bellve & Zheng, 1989) , suggesting that the changes in production of the various testicular growth factors at puberty may be involved in the mechanism of leukaemic relapse in the prepubertal testis.
At least 15 testicular peptides have specific receptors on the plasma membrane of normal lymphocytes , suggesting that the lymphocyte entering the testis can be controlled by the factors produced by the testicular cells. The malignant lymphocyte in acute lymphoblastic leukaemia may be a target for a similar control.
In the present investigation, the interactions of testicular and leukaemic cells and the differences in the behaviour of leukaemia in immature and mature rat testis were studied using a rat T-cell leukaemia line.
Materials and methods

Animals
Adult Wistar rats were used as donors of peripheral blood lymphocytes (PBL). The rat T cell leukaemia line was maintained in Piebald variegated (PVG) rats.
Rat leukaemic cells
The rat T-leukaemic cell line was isolated from a radioisotope-treated rat of the Oxford hooded (syngeneic with Piebald variegated/c, Festing & Staats, 1973) inbred strain (Dibley et al., 1975) . The cell line was maintained by routine passage in adult PVG rats at the University of Manchester and subsequently at the University of Turku. The line has been shown to express the rat T cell marker OAKR, but not the Fc receptor (Dibley et al., 1975) .
In the present experiment the cell line was maintained by intraperitoneal passages every 17th day as previously described (Jackson et al., 1984a) . When the leukaemic rats approached the terminal phase (characterised by continuous piloerection, weight loss, cervical lymph node enlargement) they were sacrificed by carbon dioxide. The enlarged cervical lymph nodes (5) were minced with fine scissors in a culture dish. Sterile saline (4 ml) was added and the mixture stirred. After sedimentation for about 2 min 1 ml of the supernatant was gently withdrawn from the surface layer using a syringe barrel (1 ml). The (1968) . Blood was collected with a syringe from the right ventricle of the heart while saline was infused into the left ventricle. The isolated cells were washed with medium twice before culture. The cells were mainly lymphocytes when identified by light microscope examination. A few monocytes and some erythrocytes were also present.
Testis extracts
The testes were decapsulated, weighed and homogenised in saline in a glass homogeniser (0.33 g ml ') and centrifuged at 250 g for 15 min. The supernatants were collected and centrifuged at 10,000 g for 30 min. The second supernatants were collected and the low-molecular weight substances (Mr<5 K) separated from them in a Sephadex G-25 PD-10-column (1.5 x 5 cm, Pharmacia Fine Chemicals, Uppsala, Sweden) to avoid cytotoxic effects of compounds generated as a result of polyamine oxidation by oxidases present in foetal calf serum (Alexander & Anderson, 1987) and to exclude steroids from the cultures. RPMI 1640 was used as eluate.
Short-time leukaemic cell cultures The extracts of testes of 25 days and 50 days old rats were processed as described above. An aliquot of 2 x 105 lymph node cells from the leukaemic rats (100% leukaemic lymphoblasts, Dibley et al., 1975) were pipetted to wells of a standard 96-well culture plate and cultured in the presence of 5 tg ml-' Concanavalin A and the Mr> 5 K fraction of 25 days or 50 days old rat testis extract for 28 h at 37°C in an atmosphere of 5% CO2 in air. Two hours before harvesting, 7.4 kBq of tritium-labelled thymidine (3H-TdR) in 20 lal of medium was added to each well. The cells were harvested onto glass fiber filter discs. The radioactivity on the discs was measured in a P-counter (Wallac-Pharmacia, Turku, Finland).
Peripheral blood mononuclear cell cultures The peripheral blood mononuclear cells were cultured as previously described (Sainio-P6lliinen et al., 1991; P6lainen et al., 1992 cate. After 48 h of culture at 37°C in an atmosphere of 5% CO2 in air, 0.2 fiCi of 3H-TdR in 20 yl RPMI was added to each well. The cells were harvested 16 h later onto glass fiber filter discs using a cell harvester. Radioactivity in the discs was measured using liquid scintillation.
Measurement ofprotein concentration Protein concentrations in the homogenates were measured as previously described (Lowry et al., 1951) .
Histology
Testes and the control tissues were taken from rats freshly sacrificed with CO2. The testes were cut into two halves and fixed for 1 day in Bouin's fixative. The other tissues were fixed in small pieces (5 mm x 5 mm x 5 mm) in 4% formalin for 1 day. The tissues were kept in 70% ethanol for another day, embedded in paraffin and cut into 5-10 fm sections.
The sections were stained with Haematoxylin-Eosin.
Morphometry
The proportion of the testis made up by seminiferous tubules and interstitial tissue was determined by point-counting (Glagoleff, 1933) 
Results
Induction of leukaemia Both sexually immature and mature rats injected with the rat T-leukaemic cell line intraperitoneally developed signs of terminal disease, e.g. continuous piloerection and weight losing, in 17 days. The same was observed after injection of leukaemic cells to the lymph sinusoids of the sexually mature rat testis. The prepubertal rats injected intratesticularly developed the signs of terminal disease sooner, in 15 days. Leukaemia was induced by intratesticular and intraperitoneal injection in 100% of both adult and prepubertal animals.
Both adult and prepubertal rats injected with human leukaemic cells or RPMI remained healthy and did not develop any signs of disease during the 5 days of experiment.
Histology of the leukaemic testis When the rat T-leukaemic cells were injected intraperitoneally in sexually immature animals, testicular infiltrations were observed in 100% of the animals after 17 days (Figures la and b, Table I ), when the animals were killed for the transplantation of the cell line. The infiltrations were small and located perivascularly in the interstitial tissue. Some seminiferous tubules near the leukaemic cell infiltrations had degenerated. The blood vessels in the testicular capsule were filled with leukaemic cells, but they did not seem to give rise to infiltrates. Despite the perivascular infiltrates, most of the interstitial tissue was free of leukaemia. This was in strong contrast to the epididymal interstitial tissue (Figure 3) , which was infiltrated throughout the organ.
When the rat T-leukaemic cells were injected intraperitoneally to sexually mature rats, 42% of the animals developed testicular infiltrates (Figures lc and d, Table I ).
These infiltrations were histologically similar to those in the sexually immature testis. Seminiferous tubule degeneration near the infiltration could be observed. The number of injected cells did not have any influence on the age-dependent difference in the incidence of testicular infitrate (Table I) . Control tissues did not contain infiltrates (not shown).
Intratesticular injection of rat T-leukaemic cells to immature rats led to degeneration of seminiferous tubules (Figure 2 ) and to an increase in the proportion of the testis made up by the interstitial tissue from 17% to 85% in 15 days, when the immature rats reached the terminal phase of leukaemia (Table I ). In the sexually mature testis, the histological appearance in regard to leukaemic cells was similar to the immature testis (not shown) and the proportion of the testis made up by the interstitial tissue increased from 16% to 67% (Table I) in 17 days. The weights of the testes injected intratesticularly were significantly higher than the weights of control testes in both the sexually immature (P <0.001) and the sexually mature (P <0.001) animals ( Table I ). The number of cells injected intratesticularly did not influence the terminal phase histology, but the adult rats reached terminal phase of leukaemia 1 day later when the i Five days after intratesticular injection of human leukaemic cells, lymphoblasts could not be observed in the rat testicular interstitium, whereas after intratesticular injection of the same number of rat T-leukaemic cells, lymphoblasts could be observed throughout the testicular interstitium (not shown). At the edges of the intratesticular inoculum of human leukaemic lymphoblasts, fibrosis and degeneration of some tubules could also be observed. The histology in the control testes injected with culture medium also showed a restricted space of fibrosis 5 days after injection.
Effect of the M, > S Kfraction of testis extracts on normal and leukaemic lymphoblasts The Mr> 5 K fraction of extracts of 50 days old normal rat testes inhibited proliferation of both leukaemic (ANOVA: P <0.05, Student's t: P <0.05, Figure 4a ) and normal (ANOVA: P <0.001, Student's t: P <0.001, Figure 4b ) ConA-stimulated rat lymphoblasts significantly more than the same fraction of the extracts of 25 days old rat testis. The control c.p.m. level of the leukaemic lymphoblasts was more than ten times higher than that of normal PBL, confirming that most of the cells in the leukaemic lymph nodes are leukaemic lymphoblasts (Dibley et al., 1975) . The protein concentrations were similar in the extracts of the 50 and 25 days old rat testes (4.2 and 5.6 mg ml-1, respectively), demonstrating that the higher inhibition by the testis extract of 50 days old rat was not non-specific due to higher protein concentration. When the effect of dilution of the testis extracts on leukaemic cell 3H-TdR incorporation was tested, no clear dose-dependency could be observed. At 1:1 dilution the 50 days old rat testis extract inhibited leukaemic cell 3H-TdR incorporation, but in 1:4 dilution the effect of the extract was stimulatory. There was no difference from control 3H-TdR incorporation using dilutions from 1:16 to 1:256.
Effect of leukaemic cells on the testicular regulatory environment Both intraperitoneal and intratesticular injection of rat leukaemic lymphoblasts at the age of 25 days prevented the inhibitory effect of the Mr> 5 K fraction of the testis extracts on ConA-stimulated PBL 3H-TdR incorporation (Figure 5 ), which normally increases in the following 17 days (Pollanen et al., 1992) . The effect on 3H-TdR incorporation of the M, > 5 K fraction of testicular extracts of 50 days old intraperitoneally injected rats did not differ significantly from control (50 days old intact), whereas intratesticular injection of these cells led in 17 days to considerable stimulation of PBL 3H-TdR incorporation by the Mr> 5 K fraction of testicular extracts (Figure 6 ). In contrast to the rat leukaemic cells, injection of human leukaemic lymphoblasts to the sexually immature and mature testis led to a significantly (P <0.001) increased inhibition of PBL 3H-TdR incorporation by the Mr>5 K fraction of testicular extracts as compared to medium-injected control (Figures 7 and 8) . The increased inhibitory effect of sexually mature rat's testicular extracts on PBL 3H-TdR incorporation was not observed after intratesticular injection of azide-treated human leukaemic cells, demonstrating that the increased inhibition could be due to properties of living human leukaemic cells (Figure 7) .
Discussion
The present observations on perivascular leukaemic infiltrates in the testis after intraperitoneal inoculation of leukaemic cells from the rats bearing the Roser rat leukaemia confirm the previous observations (Jackson et al., 1984a) . However, we have extended these experiments and recorded the frequencies of testicular infiltration and the age-dependent differences. In the present study, leukaemic infiltrations developed in the testis in 100% of the animals, when the leukaemia was introduced intraperitoneally in the early puberty, but only in 42% of the cases, when leukaemia was introduced in the late puberty. This difference in frequency of testicular infiltration corresponds well to the difference in the frequency of testicular relapse between childhood and adult human acute lymphoblastic leukaemia after chemotherapy (Ritzen, 1990); Gustafsson, 1991) , suggesting that the rat T-cell leukaemia line is a suitable model for further study of mechanism of testicular infiltration in childhood acute lymphoblastic leukaemia.
The penetration of the rat T leukaemic lymphoblasts to the testis is in contrast to the observations in the mouse, where the L1210 acute lymphoblastic leukaemic cells did not penetrate to the testis without preinduced damage to the vascular endothelium by cadmium (Jackson et al., 1984b) . However, the mouse studies were well in accordance with the present observations in a rat model in that leukaemic cells injected directly to the testicular lymph sinusoids of the mouse proliferated rapidly causing testicular enlargement (Jackson et al., 1984b) . The previous suggestions on the role of damage to the vascular endothelium in penetration of leukaemic cells to the testis in the mouse (Jackson et al., 1984b ) and the present observations on the age-dependent difference in the frequency of spontaneous testicular infiltration in the rat suggest that physiological pubertal changes in the permeability of vascular endothelium of the testis may be an important explanatory factor for the lack of testicular relapses in adult acute lymphoblastic leukaemia. Pubertal changes in testicular microvascular permeability to albumin (Setchell et al., 1988 ), IgG (Pllainen & Setchell, 1989 and certain vital dyes (Kormano, 1967) have been described.
The heavy infiltration of the epididymis we have recorded also agrees with both the earlier rat and mouse studies (Jackson et al., 1984a,b) . The apparent ease by which the leukaemic cells reach the epididymis is perhaps related to the early observation on the higher permeability of the caput epididymal microvessels to vital dyes (Kormano, 1968) non-specific suppression by high protein concentrations. It was also not due to polyamines or free steroids, since these molecules were removed from the extracts in a Sephadex G-25 column. The cells cultured with the late pubertal rat testis extracts also incorporated 3H-TdR, suggesting that the extracts were not cytotoxic. The early pubertal testis extracts were not as potent in suppressing normal PBL 3H-TdR incorporation as the late pubertal testis extracts (Pollanen et al., 1992) , suggesting that the effect of the late pubertal testis extract on normal and leukaemic lymphocyte proliferation may be due to the same factors. However, the present observations together with the previous observations (Jackson et al., 1984a,b) that the leukaemic cells filled the whole testis after intratesticular injection suggest that the observed suppression of leukaemic lymphoblast 3H-TdR incorporation in vitro may not occur in vivo, not at least in the same mag- 
